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BARIUM FLUORIDE HIGH REPETITION 
RATE UV EXCIMER LASER 

The present application claims priority to US. Provi 
sional Patent Application No. 60/273,028, ?led Mar. 2, 
2001, Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

The subject invention is directed generally to an eXcimer 
laser; and in particular to an eXcimer laser having a ?rst or 
primary laser beam and a second or secondary laser beam 
suitable for annealing optical components. 

BACKGROUND OF THE INVENTION 

Throughout this application various publications are ref 
erenced. The disclosures of each of these publications in 
their entireties are hereby incorporated by reference in this 
application. 

EXcimer lasers have been conventionally developed for 
commercial use as a light source of a reducing projection 
and eXposure device for a semiconductor manufacturing 
apparatus, because an eXcimer laser enables extremely pre 
cise Work. 

Light oscillating from the eXcimer laser has various 
Wavelength components and the central Wavelength varies. 
As a result, if the light is in the as-is status, an aberration Will 
occur When the light passes through an external optical 
element, such as a lens, thereby reducing the accuracy of the 
Work. For this reason, there is a Widely used art of making 
a narroW band, in Which an eXcimer laser is equipped With 
a Wavelength selecting element, such as a grating, to narroW 
the spectral Width of the laser oscillation Wavelength and to 
stabiliZe the central Wavelength as a central value of the 
oscillation Wavelength. 
US. Pat. No. 6,181,724 discloses an eXcimer laser. Laser 

gas is sealed in a laser chamber and energy is supplied as a 
result of an electrical discharge in a discharge electrode, 
causing the laser beam to oscillate. The oscillating laser 
beam eXits through a rear WindoW, the beam siZe is Widened 
While passing through a ?rst prism and a second prism, and 
then the laser beam enters a grating. In the grating, an angle 
relative to the light path of the laser beam is controlled by 
an actuator and by oscillating the laser beam at a predeter 
mined Wavelength, a narroW band is achieved. A group of 
optical components, Which are the ?rst prism, the second 
prism, and the grating, is collectively called the narroW-band 
optics. The laser beam, With the Wavelength being controlled 
by the narroW-band optics, passes through a front WindoW 
and a front mirror, Which is a partial re?ecting mirror, and 
part of the laser beam eXits the laser chamber. 

Typically, synthetic fused silica or calcium ?uoride is 
used as the material of the optical components for the 
eXcimer lasers, hoWever, there are signi?cant disadvantages 
in using these materials. In order to manufacture semicon 
ductors ef?ciently in large quantities, there has been a 
demand to increase the poWer of a laser by increasing the 
laser oscillation pulse numbers per unit time (also called the 
repetition frequency or repetition rate). HoWever, the energy 
density is high in the resonator of the laser, and moreover, 
a laser beam reciprocates in the resonator and passes through 
the optical components many times. For this reason, as the 
poWer of a laser becomes higher, the optical components are 
deteriorated as a result of even minor distortion or uneven 

ness inside the material. Even minor deterioration of the 
optical components eXerts a great in?uence on the quality of 
the oscillating laser beam. Thus, the optical components of 
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2 
synthetic fused silica or calcium ?uoride are insuf?cient in 
durability When the poWer of an eXcimer laser is increased, 
and a highly accurate control of the Wavelength of an 
eXcimer laser is dif?cult When these optical components are 
used. 

SUMMARY OF THE INVENTION 

The present invention relates to an eXcimer laser Which 
includes a source of a laser beam and one or more WindoWs 

Which include barium ?uoride. 

Another aspect of the present invention includes an eXci 
mer laser Which includes a source for a laser beam, one or 

more WindoWs Which include barium ?uoride, and a source 
for annealing the one or more WindoWs. 

Yet another aspect of the present invention includes an 
eXcimer laser WindoW Which includes barium ?uoride. 

Yet another aspect of the present invention includes a 
method of producing a predetermined narroW Width laser 
beam. The method includes oscillating a laser beam Whereby 
the laser beam eXits a ?rst WindoW of a chamber, Widening 
the laser beam through one or more prisms, controlling the 
laser beam to a predetermined narroW Width, and passing the 
predetermined narroW Width laser beam through a second 
WindoW of the chamber, Where the ?rst and second WindoWs 
of the chamber include barium ?uoride. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of this invention 
Will be evident from the folloWing detailed description of 
preferred embodiments When read in conjunction With the 
accompanying draWings in Which: 

FIG. 1 illustrates an eXcimer laser according to one 
embodiment of the present invention. 

FIG. 2 illustrates an eXcimer laser according to an alter 
native embodiment of the present invention. 

FIG. 3 illustrates an eXcimer laser according to an alter 
native embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to an eXcimer laser Which 
includes a source of a laser beam and one or more WindoWs 

Which include barium ?uoride. 

EXcimer laser devices are described in US. Pat. Nos. 
6,181,724, 6,282,221, 6,067,311 and 6,014,398, Which are 
hereby incorporated by reference. 

Typically, an eXcimer laser operates as folloWs. Laser gas 
is sealed in a laser chamber and energy is supplied to the gas 
by an electrical discharge in a discharge electrode. This 
causes the laser beam to oscillate. The oscillating laser beam 
eXits the laser chamber through a rear WindoW, the siZe of the 
laser beam is Widened While passing through prisms, and the 
laser beam enters a grating. In the grating, an angle relative 
to the light path of the laser beam is controlled by an actuator 
and by oscillating a predetermined Wavelength a narroW 
band Width is achieved. The laser beam, With the controlled 
Wavelength passes through a front WindoW and a front 
mirror and part of the laser beam eXits the laser chamber. 
With this general vieW of the operation of an eXcimer laser 

in mind, FIG. 1 illustrates one embodiment of an eXcimer 
laser of the present invention. As shoWn in FIG. 1, eXcimer 
laser device 10 includes a plurality of prisms such as ?rst 
and second (and optionally third) prisms 12, ?rst mirror 13, 
second mirror 15, a grating 14, and ?rst 16 and second 18 
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WindoWs. First WindoW 16 and second WindoW 18 in laser 
chamber 17 form an ordinary Brewster angle relative to a 
laser beam 11 in order to reduce energy loss. Components, 
such as plurality of prisms 12, ?rst mirror 13 and second 
mirror 15, and ?rst WindoW 16 and second WindoW 18 are 
made of a ?uoride optical material, such as calcium ?uoride, 
barium ?uoride or magnesium ?uoride. In one embodiment, 
these components are made of barium ?uoride. In an alter 
native embodiment, ?rst WindoW 16 and second WindoW 18 
are made of barium ?uoride and other components, such as 
plurality of prisms 12, ?rst mirror 13 and second mirror 15 
are made of other materials, such as calcium ?uoride. 

Another aspect of the present invention includes a method 
of producing a predetermined narroW Width laser beam. The 
method includes oscillating a laser beam Where the laser 
beam exits a ?rst WindoW of a chamber, Widening the laser 
beam through one or more prisms, controlling the laser beam 
to a predetermined narroW Width, and passing the predeter 
mined narroW Width laser beam through a second WindoW of 
the chamber, Where the ?rst and second WindoWs of the 
chamber include barium ?uoride. 

In use, referring to FIG. 1, laser gas (such as Ar, Kr, Ne 
and/or F2) is sealed in laser chamber 17 and energy is 
supplied to the laser gas by an electrical discharge in a 
discharge electrode (not shoWn). This causes laser beam 11 
to oscillate. Oscillating laser beam 11 eXits the laser chamber 
17 through a rear WindoW 16. Laser beam 11 passes through 
prisms 12, is re?ected by second mirror 15 and grating 14. 
In second mirror 15, an angle relative to the light path of 
laser beam 11 is controlled by an actuator 19. By oscillating 
laser beam 11 at predetermined Wavelength, a narroW band 
Width is achieved for laser beam 11. Laser beam 11 is totally 
re?ected by grating 14 and second mirror 15 causing laser 
beam 11 to reverse its original path and eXit chamber 17 
from front WindoW 18 and eXit from ?rst mirror 13. 

FIG. 2 is a second embodiment of the present invention. 
EXcimer laser device 20 includes a plurality of prisms such 
as ?rst and second prisms 22, mirror 25, grating 24, and ?rst 
26 and second 28 WindoWs. First WindoW 26 and second 
WindoW 28 in laser chamber 27 form an ordinary BreWster 
angle relative to a laser beam 21 in order to reduce energy 
loss. In this embodiment, laser beam 21, is partially re?ected 
by mirror 25, Which is a partially re?ecting mirror, and part 
of laser beam 21 eXits laser chamber 27. Components, such 
as plurality of prisms 22, second mirror 25, and ?rst WindoW 
26 and second WindoW 28 are made of a ?uoride optical 
material, such as calcium ?uoride, barium ?uoride or mag 
nesium ?uoride. In one embodiment, these components are 
made of barium ?uoride. In an alternative embodiment, ?rst 
WindoW 26 and second WindoW 28 are made of barium 
?uoride and other components, such as plurality of prisms 
22 and mirror 25 are made of other materials, such as 
calcium ?uoride. 

Another aspect of the present invention includes an eXci 
mer laser WindoW made of barium ?uoride. 

The laser WindoWs of the present invention made of 
barium ?uoride maintain durability over a long operational 
life of the eXcimer laser. As used herein, “maintain durabil 
ity” means that the barium ?uoride WindoWs means that the 
magnesium ?uoride WindoWs have no perceptible induced 
absorption. The barium ?uoride WindoWs maintain durabil 
ity for a laser having a output of greater than or equal to 10 
m] and a repetition rate of greater than or about 4 KHZ. 
Further, the barium ?uoride WindoWs of the present inven 
tion maintain durability for a laser having a output of greater 
than or equal to 10 m] and a repetition rate of greater than 
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4 
or about 4 KHZ for over 500 million pulses and, optionally, 
for over 900 million pulses. 

Another aspect of the present invention includes an eXci 
mer laser Which includes a source for a laser beam, one or 
more WindoWs Which include barium ?uoride, and a source 
for annealing the one or more WindoWs. 

FIG. 3 shoWs an embodiment of the present invention 
Which includes a source for annealing the WindoWs of the 
laser chamber. As shoWn in FIG. 3, eXcimer laser device 30 
includes a plurality of prisms such as ?rst and second (and 
optionally third) prisms 32, ?rst mirror 33, second mirror 35, 
a grating 14, and ?rst 16 and second 18 WindoWs. First 
WindoW 36 and second WindoW 38 in laser chamber 37 form 
an ordinary BreWster angle relative to a laser beam 31 in 
order to reduce energy loss. Components, such as plurality 
of prisms 32, ?rst mirror 33 and second mirror 35, and ?rst 
WindoW 36 and second WindoW 38 are made of a ?uoride 
optical material, such as calcium ?uoride, barium ?uoride or 
magnesium ?uoride. In one embodiment, these components 
are made of magnesium ?uoride. In an alternative 
embodiment, ?rst WindoW 36 and second WindoW 38 are 
made of magnesium ?uoride and other components, such as 
plurality of prisms 32, ?rst mirror 33 and second mirror 35 
are made of other materials, such as calcium ?uoride. 

Typically, a ?rst laser beam (as described above) and a 
second laser beam are generated by discharge electrode in 
laser chamber 37. In use, referring to FIG. 3, a second laser 
gas (such as Ar, Kr, Ne and/or F2) is sealed in laser chamber 
37 and energy is supplied to the second laser gas by a second 
electrical discharge in a second discharge electrode (not 
shoWn). This causes a second laser beam 31 to oscillate. 
Oscillating laser beam 31 exits the laser chamber 37 through 
a rear WindoW 36. Laser beam 31 passes through prisms 32, 
is re?ected by second mirror 35 and grating 34. In second 
mirror 35, an angle relative to the light path of laser beam 
31 is controlled by an actuator. By oscillating laser beam 31 
at predetermined Wavelength, a narroW band Width is 
achieved for laser beam 31. Laser beam 31 is totally 
re?ected by grating 34 and second mirror 35 causing laser 
beam 31 to reverse its original path and eXit chamber 37 
from front WindoW 38 and eXit from ?rst mirror 33. 

Second laser beam 31 is used to anneal ?rst and second 
WindoWs 38 and 36 concurrently With operation of the 
eXcimer laser. The WindoWs are irradiated With second laser 
beam 31 With light having a Wavelength of about 250 nm. 
This Wavelength corresponds to the Wavelength of the 
induced absorption band. Alternately, second laser beam 31 
is used either before or after operation of the eXcimer laser 
to anneal ?rst and second WindoWs 36 and 38 While the 
eXcimer laser is not in use. 

Alternatively, WindoWs 36 and 38 are thermally annealed. 
Thermal annealing is accomplished by heating ?rst and/or 
second WindoWs in an environment such as an inert gas or 
under vacuum. Although the temperature to Which the 
WindoWs are heated is dependent on the level of induced 
absorption, a temperature of from about 200 to about 800° 
C. is typical. 
Although preferred embodiments have been depicted and 

described in detail herein, it Will be apparent to those skilled 
in the relevant art that various modi?cations, additions, 
substitutions and the like can be made Without departing 
from the spirit of the invention and these are therefore 
considered to be Within the scope of the invention as de?ned 
in the claims Which folloW. 
What is claimed is: 
1. A method of producing a 24 kilohertZ repetition rate 

eXcimer laser having a 24 kilohertZ laser beam and a second 
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laser beam suitable for annealing optical components of the 
laser, said method comprising: 

providing a 24 kilohertZ repetition rate eXcimer laser for 
producing a ?rst Z4 kilohertZ repetition rate laser beam 
and a second laser beam suitable for annealing optical 
components of the laser, said laser comprised of a laser 
chamber and a ?rst and a second discharge electrode, 
said laser chamber having a ?rst optical ?uoride crystal 
WindoW and a second optical ?uoride crystal WindoW 
With a laser gas for generating said ?rst and second 
laser beams sealed in said chamber betWeen said opti 
cal ?uoride crystal WindoWs; 

Wherein an electrical discharge from said ?rst electrode 
supplies energy to said laser gas to produce a 24 
kilohertZ repetition rate laser beam and an electrical 
discharge from said second electrode supplies energy to 
said laser gas to produce said second laser beam for 
annealing said optical components, and 

oscillating said ?rst laser beam Whereby the ?rst laser 
beam eXits said ?rst optical ?uoride crystal WindoW of 
said chamber and passing the ?rst laser beam through 
said second optical ?uoride crystal WindoW of the 
chamber to provide said 24 kilohertZ repetition rate 
eXcimer laser beam; and 

oscillating said second laser beam Whereby the second 
laser beam eXits said ?rst optical ?uoride crystal Win 
doW of said chamber and passing the second laser beam 
through said second optical ?uoride crystal WindoW of 
the chamber to provide said second annealing laser 
beam; 

Wherein the ?rst Z4 kilohertZ repetition laser beam has a 
pulse energy 210 ml/pulse; and 

Wherein at least one of said optical ?uoride WindoWs is a 
barium ?uoride WindoW. 

2. The method according to claim 1 comprising using an 
argon ?uoride eXcimer laser gas. 

3. The method according to claim 1 comprising using a 
krypton ?uoride eXcimer laser gas. 

4. The method according to claim 1, Wherein said second 
laser beam is generated and used to anneal said optical 
?uoride components before, during and after the operation 
of said ?rst laser beam. 
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5. An eXcimer laser comprising: 
A chamber having one or more WindoWs comprising an 

optical ?uoride; 
a ?rst source for a ?rst eXcimer laser beam Within said 

chamber; and 
a second source Within said chamber for a second laser 
beam for annealing the one or more of said comprising 
optical ?uoride crystal WindoWs; 

Wherein said ?rst and second laser beams are generated in 
said chamber by a ?rst and a second discharge 
electrode, respectively, and 

said second annealing laser beam can be operated for 
annealing said WindoWs before, during or after opera 
tion of said ?rst laser beam, and 

at least one of said WindoWs is a barium ?uoride WindoW. 
6. The eXcimer laser according to claim 5, Wherein the 

laser beam has a pulse energy greater than or equal to 10 m]. 
7. The eXcimer laser according to claim 5, Wherein the 

?rst laser beam has a repetition rate of greater than or equal 
to 4 KHZ. 

8. The eXcimer laser according to claim 6, Wherein the 
?rst laser beam has a repetition rate of greater than or equal 
to 4 KHZ. 

9. The eXcimer laser according to claim 5 comprising 
argon ?uoride as source gas for the ?rst and second laser 
beams. 

10. The eXcimer laser according to claim 6 comprising 
arson ?uoride as source gas for the ?rst and second laser 
beams. 

11. The eXcimer laser according to claim 7 comprising 
argon ?uoride as source gas for the ?rst and second laser 
beams. 

12. The eXcimer laser according to any one of claim 5 
comprising a krypton ?uoride source gas for the ?rst and 
second laser beams. 

13. The eXcimer laser according to any one of claim 6 
comprising a krypton ?uoride source gas for the ?rst and 
second laser beams. 

14. The eXcimer laser according to any one of claim 7 
comprising a krypton ?uoride source gas for the ?rst and 
second laser beams. 


